Ovarian hormones, genes, and the brain: the case of estradiol and the brain-derived neurotrophic factor (BDNF) gene The need for novel therapeutics has fueled the burgeoning impetus to uncover biological mechanisms that contribute to sex and individual differences in the manifestations of neuropsychiatric disorders. Investigating interactions between sex hormones and genetic makeup holds promise for this quest. Animal studies have clearly established that sex hormones impact brain organization and function at critical developmental periods, including gestation and puberty; the neuromodulatory effects of ovarian steroids are well documented across the lifespan. However, little is known about the genesis of individual differences in cognitive and behavioral response to these hormones in humans. For example, why do some women develop postpartum depression while others do not, even in the face of the same hormonal events? Because ovarian hormones are important transcriptional regulators, their actions on the brain may vary according to individual differences in genetic make-up, suggesting an important research direction that could provide information regarding this and similar clinical questions.
The potential importance of such investigations is supported by preclinical studies in female transgenic mice harboring the uniquely human BDNF Val 66 Met variant. The BDNF gene is of particular interest for investigating gene-hormone interaction because estradiol induces BDNF expression that mediates hippocampal function [1] . Likely as a consequence, in female BDNF Met knock-in mice, the estrus cycle critically interacts with the Val 66 Met variant to modulate anxiety-related behaviors [2] as well as hippocampally dependent function and behavior [3] .
Building on these preclinical experiments, we used two different but complementary neuroimaging modalities, the blood-oxygenlevel depndent functional magnetic resonance imaging and positron emission tomography regional cerebral-blood flow techniques, to measure working memory-dependent brain function in healthy, regularly menstruating women during a 6-month hormone-manipulation protocol with three hormone conditions: ovarian suppression induced by the gonadotropin-releasing hormone agonist leuprolide acetate (Lupron), Lupron + estradiol replacement, and Lupron + progesterone replacement. We found a genotype-hormone interaction in the hippocampus, a region that is typically not recruited and is often even deactivated during working memory: in women carrying the BDNF Met variant, the hippocampus was atypically activated (i.e., abnormally recruited), but only in the presence of estradiol [4] . The results were consistent between both imaging platforms, providing important confirmatory data. Our findings demonstrate an estrogen sensitivity in the context of the Met variant in women, and thus provide an important translational step by demonstrating that the BDNF genotype-ovarian steroid interaction impacts neural function.
These studies offer evidence that harboring a genetic predisposition regulated in part by sex hormones in the brain, such as the BDNF Met allele, may have clinical implications [5] . Additionally, a recent preclinical study showing BDNF Met variant-specific elimination of hippocampal function during peri-adolescence [6] suggests the importance of future studies examining gene-hormone interactions during this critical period of brain development and hormonal change.
Delineating how the interplay between genes and sex hormones influences the brain has important relevance for women's mental health, for understanding individual differences Bipolar disorder has similar prevalence between the sexes, but evidence suggests that men and women experience the disorder differently. Disorder onset, comorbidities, and treatment diverge significantly between men and women. For example, depressive episodes seem to predominate bipolar illness episodes in women, whereas in men, mania is more frequent [1] . There are also sex differences in management of medication side effects and comorbidities [2] , and women with bipolar disorder report poorer sleep quality, which predicts more intense mood symptoms [3] . An oft-cited but poorly understood phenomenon in bipolar disorder is antidepressant-induced mania (AIM) or antidepressant emergent manic symptoms (AEMS). AIM describes the observation that hypomanic and manic symptoms can emerge when bipolar disorder patients use antidepressants, particularly when they are not taking a concurrent mood stabilizing medication. However, most bipolar disorder patients do not develop AIM when exposed to antidepressants, and the current data suggest that the risk factors for AIM in men and women may differ [4] . Clinicians routinely screen for AIM when treating bipolar depression with antidepressants, but little is known about which demographic and clinical variables increase risk for AIM, and even less is known about gender-specific risk factors.
In our retrospective study of 416 patients with bipolar disorders, we found that women were more likely to receive antidepressants than men [5] . This is in agreement with data from Karanti et al. [6] who showed that women with bipolar disorder were more likely to be prescribed antidepressants than men, which was independent of illness severity or other clinical factors. Strikingly, in our sample, female sex was the only variable that emerged from regression modeling as a statistically significant risk factor for AIM. In another recent study, Scott et al. [4] identified a number of factors that convey differential risk for AIM between men and women. They reported that male AIM patients were more likely to have an alcohol or substance use disorder, a history of suicide attempt(s), and a greater number of depressive episodes per year. Female AIM patients were more likely to have a history of thyroid disorder, family history of bipolar disorder type I, or a depressive episode at the onset of bipolar illness.
These early findings of differences between men and women with bipolar disorder, and how this may affect the incidence of AIM, are compelling and merit further study. Tools for identifying patients at highest risk would be very helpful, particularly since the incidence of AIM is low (generally estimated to be~10-20% of bipolar disorder patients who take antidepressants) but the dangers of mania are significant. It is unclear whether the observed treatment and outcome discrepancies between men and women with bipolar disorder are due primarily to physiological differences between sexes (e.g., hormonal pathways, sexspecific neuronal circuitry), or as described in Karanti et al [6] , have less basis in physiology and more to do with disparities in how physicians treat women and men (Fig. 1) .
